Background: The scapular tip free flap (STFF) is becoming more popular for oromandibular reconstruction. This article reviewed the early and late outcomes in a larger series over 9 years. Methods: We conducted a retrospective review of all consecutive patients who underwent oromandibular reconstruction using the STFF at London Health Sciences Centre. Demographic information, surgical data, and complications were collected and analyzed.
| INTRODUCTION
A variety of donor site options exist for oromandibular reconstruction, including the fibula, the subscapular system (lateral border scapula and scapular tip), radial forearm, and the iliac crest. The selection of free flap depends on numerous factors, including defect variables and patient-specific factors. The scapular tip free flap (STFF) has been increasing in popularity for oromandibular reconstruction. [1] [2] [3] [4] The bone stock of the STFF is sufficient for most segmental mandibular defects and it is amenable to osteotomies. Further advantages afforded by the STFF for oromandibular reconstruction include: (1) a long pedicle; (2) independent and freely mobile soft tissue components; and (3) the ability to harvest bone segments of specific sizes and shapes. 5 The blood supply of the osseous portion of the STFF is reliably derived from the angular branch of the thoracodorsal artery. A pedicle length as long as 17 cm can be obtained when the subscapular artery is included with the harvest. 1, 4, [6] [7] [8] The versatility is enabled by the vascular anatomy whereby the subscapular arterial system gives independent branches to the latissimus dorsi, the serratus anterior, and the lower lateral scapular and tip via the thoracodorsal artery and the lateral scapular border and parascapular fasciocutaneous skin paddles via the circumflex scapular artery.
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Because of this extensive vascular network, numerous permutations of soft tissue can be harvested along with the osseous scapular tip. More importantly, the soft tissue has a great degree of freedom and mobility independent of the bone. Reconstructing mandible defects with complex soft tissue requirements can, therefore, be achieved using the STFF. Furthermore, the STFF donor site allows early postoperative ambulation and the subscapular system vessels tend to be affected less by atherosclerotic disease. 1, 6 These features are especially desirable in the elderly population.
In our previous series of the first 20 patients, we outlined the advantages of the STFF and described specific clinical applications in oromandibular reconstruction for the: (1) mandibular angle; (2) short segment; (3) ascending ramus and condyle; and (4) situations with complex soft tissue requirements. 1 The purpose of this study was to review a larger cohort of patients who underwent STFF that included the initial series. 9 We present the early and late outcomes of the STFF used for oromandibular reconstruction.
| MATERIALS AND METHODS
Our institutional ethics review board approved this study. A retrospective review was performed of all consecutive patients who underwent mandibular reconstruction with the STFF from April 1, 2008, to March 31, 2017, at London Health Sciences Centre. Patient demographic data, pathology, tumor staging, operative details, and surgical and general complications were collected. Specific data, such as defect type, length of bony defect, number of osteotomies, operative times, and treatment details were obtained. Long-term outcomes, including extrusion and union rates, were collected. Union was determined by radiographic evidence of bony fusion. At our center, CT imaging was not done systematically in the posttreatment period and, therefore, not all patients had imaging available to assess union. Extrusion was determined clinically during the follow-up period.
Our surgical flap harvest technique that described the posterior approach to the pedicle has been detailed in our previous series. 1 The ablative site and donor sites (entire upper extremity) were prepped at the beginning of the case.
Patients were bolstered to elevate the ipsilateral side and positioned with approximately 20 degrees of lateral decubitus rotation (Figure 1 ). The ablation was done with the bed rotated so that the patient was neutral. For the STFF harvest, the patient was rotated back to the original 20 degrees. Patients did not require repositioning or re-prepping after the ablation. If no skin paddle was required, an incision was fashioned in a "lazy-S" toward the axilla in order to maximize exposure of the scapular tip and the subscapular system. Depending on the soft tissue requirements, various components were incorporated into the design and elevation.
The scapular tip was harvested after the angular branch was identified. The teres major and serratus anterior were detached from the lateral border and tip of the scapula, respectively. The infraspinatus muscle was divided to visualize the scapula bone. The required segment of bone was then osteotomized while ensuring that the angular artery was incorporated within the flap.
The fibrous tip of the scapula can be included or a distinct bone segment can be harvested sparing the fibrous tip. Note that for straight segmental repairs, if the fibrous tip was harvested, it should be removed before bone inset. This is done to achieve better bone-to-bone contact between the distal scapula and mandible in order to reduce the chance of nonunion ( Figure 2 ).
The bone was secured using a 2.7 mm or 2.4 mm profile locking reconstruction plate. Intraoral defects were either closed primarily or reconstructed using skin paddles or muscle, depending on the defect and patient habitus.
| RESULTS
During the study period, 211 segmental oromandibular reconstructions were performed of which 81 (38%) were STFF, 88 (42%) were fibulas, and 42 (20%) were lateral border scapulas.
Eighty patients who underwent 81 STFFs, including our previously published series of 20 patients, were evaluated for this present study. Patient demographics, including pathology, are outlined in Table 1 . The median age was 67.6 years, ranging from 23 to 87 years. Most patients underwent mandible resection for squamous cell carcinoma (84.0%) and osteoradionecrosis (9.9%). Sixty-seven STFFs (82.7%) were harvested ipsilateral to the mandible defect and 8 STFFs (9.9%) were contralateral to the mandible defect. Six STFFs were for midline defects (7.4%).
Fifty-three of 70 patients (74.6%) were pathologically staged as T4 classification due to cortical bone invasion (pathologies included squamous cell carcinoma, adenocarcinoma, mucoepidermoid carcinoma, and adenoid cystic carcinoma). Thirteen of these patients had locoregional recurrent disease invading the mandible. In 48 cases (59.3%), adjuvant treatment with either radiotherapy or chemoradiotherapy was administered in the postoperative period. In 33 cases (40.7%), postoperative treatment was not given. In 9 cases, the tumor did not invade bone on final pathology and, therefore, did not meet criteria for adjuvant treatment. Seven patients declined adjuvant treatment and 8 patients had reconstruction for osteoradionecrosis. Six cases were salvage mandible resections after either radiotherapy (3 cases) or chemoradiotherapy (3 cases). Three patients died before receiving their adjuvant treatment.
The characteristics of our STFF series are summarized in Table 2 . The average length of our bony reconstruction was 5.4 cm (median length of 5.5 cm). The mandibular defects were classified according to the Urken et al 10 classification (Table 3 ). The shortest bony defect measured 3.0 cm and the longest was 9.0 cm. No osteotomies were required for the mandibular reconstruction in 76 cases (93.8%). A single opening osteotomy was performed in 5 cases (6.2%). Boneonly reconstruction was performed in 29.6% of cases and 70.4% had an independent soft-tissue component harvested with the scapular tip bone. The soft tissue components most commonly used were the latissimus dorsi myocutaneous or muscle flaps (40 cases) and the serratus anterior (12 cases). The average operating time, which included both the ablation and reconstruction, was 9 hours and 17 minutes (range 5 hours and 33 minutes to 14 hours and 27 minutes).
No vein grafts were required for the initial reconstruction in any of the 81 cases. In 1 case, the arterial anastomosis required revision on postoperative day 1 using a cephalic vein interposition graft to the ipsilateral transverse cervical artery to salvage the flap. Eleven of the 81 cases were done in the setting of a revision neck dissection. In 2 of these cases, the flap microanastomosis was performed in the contralateral neck without vein grafts.
Complications arose in 29 cases (36.3%; Table 4 ). Six patients developed neck hematomas with 4 requiring reoperation. Orocutaneous fistulae developed in 6 cases (7.4%), all of which were managed conservatively with local wound care and packing. Two patients developed neck seromas. One patient developed a late-onset neck infection requiring debridement.
There were 3 complete flap failures (3.7%) each requiring revision surgery consisting of the contralateral scapular tip, radial forearm, and pedicled pectoralis major myogenous flap. Two partial soft tissue losses occurred and required local debridement. Donor site complications included 1 local infection, 1 dehiscence, and 1 hematoma requiring reoperation.
The median follow-up period was 11.6 months (range 0.7-60.1 months). Plate extrusion occurred in 7 patients. Four patients received adjuvant radiation and 2 cases were done for osteoradionecrosis. Six cases were lateral defects and 1 case was an anterolateral defect. Plate profile sizes in the extrusion cases were 2.7 mm (6 cases) and 2.4 mm (1 case). The plate was removed and the skin defect was closed primarily in 5 cases. In 2 cases, the patients declined surgical intervention.
Nonunion beyond 3 months from the surgery date was determined based on CT findings. Of the 78 patients (3 flap failures), only 53 had evaluable CT scans. Eleven cases of radiographic nonunion were identified at one or both sites of the STFF-mandible interface. Six patients had nonunion at both sites and 5 patients had nonunion at one site. Of these nonunions, 7 patients had received postoperative radiotherapy, 2 were salvage operations, and 2 had surgery only. Five patients were asymptomatic and the other 6 patients had symptoms, including pain at the nonunion site. Three of the symptomatic patients underwent plate removal and refixation. No patient required a second bone graft.
| DISCUSSION
Vascularized bone flaps are considered the best option for reconstructing segmental oromandibular defects. Although the fibular free flap is considered the workhorse, our institution's algorithm favors the STFF for short-segment defects, mandibular angle defects, ascending ramus and condylar defects, and for complex soft-tissue requirements. 1, 6 Furthermore, STFF has donor site advantages for elderly patients, patients with significant comorbidities, and patients undergoing revision surgery. 1 These factors were the basis for flap selection in our patient population. [3] [4] [5] 11, 12 Bone flap failure rates ranged from 2% to 6%. 9 The reported failure rate of the lateral border scapular flap (LBSF) failure at 4% is comparable to our rate of 3.7% with the STFF. Our nonunion rate at 20.7% was higher as compared with the reported rates for LBSF (13.1%) and bone flaps overall (5.2%). 9 The higher rate seen in our series may be a result of selection bias. Imaging was not routinely obtained in the follow-up period but was most commonly obtained for cancer-related concerns. Unfortunately, 24 patients did not have any imaging during their follow-up period, whereas 3 patients had a CT scan before 3 months postoperatively. The heterogeneity of radiographic assessment was a limitation in our retrospective analysis in determining bone union status. There may also be differing rates of union depending on clinical versus radiologic criteria. In most previous studies, union rates were retrospective reports based on clinical assessments. 9 The true rate may be higher when based on radiographic criteria because strong fibrous union may not cause symptoms but may be deemed nonunion on CT. Interestingly, in 1 series of LBSF where the reconstruction plate was routinely removed at 4 to 6 months, a surgical nonunion rate of 43% was reported. 12 These findings suggest that nonunion may be either underreported or clinically not problematic in many cases. Our incidence of clinically symptomatic nonunion was 7.6% versus a radiologic nonunion rate of 20.7%. We have, however, modified our technique since our original series due to concerns regarding bony union at the distal scapular fibrous tip. Unless the tip is specifically required (such as to replace the condyle), our practice is to remove the fibrous tip to expose better quality bone stock. This ensures optimal bone-to-bone contact and may promote union. Plate extrusion rates for oromandibular reconstruction vary widely in the literature from 3% to 46% but rates associated with scapular flaps have not been well quantified. 6, [13] [14] [15] We identified 7 patients (9.0%) in our series who developed plate extrusion. Six patients were exposed to radiation either before or after the STFF reconstruction. The scapular bone was united to the native mandible in 4 of 7 cases where plate extrusion developed. Thickness of the plate profile used may have been a factor in extrusion but this could not be determined by our dataset.
Independent soft tissue components were included in 57 of 81 cases (70.3%). The versatility, abundance of soft tissue, and complete freedom from the bone are major advantages of the STFF as compared with other bone flaps ( Figure 3) . Therefore, the STFF may be especially valuable in restoring segmental mandibular resections where softtissue reconstruction has high priority. 1, 16, 17 The average length of bone we used was 5.4 cm with 9 cm being the longest defect measured. Although most series have used upper limits of 8 cm, Clark et al 16 described using up to 14 cm of the lateral border of the scapula based solely off the angular artery. 2, 3, 16 Unlike the fibular free flap or LBSF, the ability to harvest only the size of bone required to match the defect is an appealing quality of the STFF. Therefore, our preference is to use the STFF for short segment defects ( Figure 4 ). Osteotomies can be performed on the bone of the scapular tip. However, especially for lateral defects (as were the majority of the patients in our series), the natural curvature of the scapula bone is ideal for this application and may mitigate the need for osteotomies ( Figure 5 ). When multiple osteotomies are required, such as for the anterior mandible, our preference is to use the fibula or the LBSF when the fibula is not available. 6 As a result, only 5 of 81 STFFs (6.2%) had a single opening osteotomy performed. Three of these patients had radiographic assessment during the postoperative period. All 3 patients showed bony union at the site of the osteotomy. The bone obtained from the scapula can support dental implantation. 5, 11, 16, 17 Moscoso et al 18 concluded that the lateral border scapula bone ranked second to the iliac crest for the reliability of the bone stock and suitability for dental implantation. 11, 18 Clark et al 16 have shown that the STFF can accept osseointegrated dental implants for maxillary reconstruction. However, the decision for dental rehabilitation is multifactorial and having sufficient bone is only one of several factors. In our series of 80 patients, only 2 patients had successful dental implants. At our institution, the STFF is preferred for mandible reconstruction in infirm or elderly patients and this may have contributed to the low number of dental implants in our patients. One of the perceived disadvantages of the STFF is the difficulty of the 2-team operation. Although some authors have described a 2-team approach, in our series, the ablation and flap elevation were performed sequentially in all cases.
2,3,5 Our total mean operating time was 9 hours and 17 minutes and has been shown previously to be similar to fibular flap operations. 6 
| CONCLUSION
This is the largest series in the literature that characterizes the short-term and long-term outcomes of the STFF for oromandibular reconstruction. Early and late outcomes are comparable with other conventional bone flaps. The STFF is a reliable and versatile option with numerous advantages and may be considered as a first-line option for selected defects.
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